Summary. We provide a reinterpretation of a recent analysis of coronal hole acceleration by MeWhirter & Kopp.
The physics of a system consisting of Alfvén waves and a steadily flowing plasma has received attention in the literature, particularly in connection with the solar wind and coronal holes (Hollweg 1978 , and references therein). The usual point of view has been to describe the wave-plasma system in terms of equations for mass conservation, plasma momentum conservation, plasma energy conservation, and an equation for the propagation of the waves. These equations are sufficient to determine the fundamental parameters of the system: mass density, p; plasma flow velocity, v; plasma thermal pressure, p; and the variance of the magnetic field associated with the waves, ÔB 2 . The equations are coupled, since the waves affect both the momentum and internal energy of the plasma, while the properties of the plasma in turn affect the wave propagation. However, it is possible to derive a simple theorem for energy conservation of the total wave-plasma system:
where 0 A jf is the energy flux density of the waves, f\y is the volume force which the waves exert on the plasma, and e is the volumetric heating rate due to irreversible wave damping. Equation (1) is simply the first law of thermodynamics: the total energy lost by the waves goes into work done on the flow plus heat added to the plasma. Equation (1) can be supplemented with the momentum equation for the wave-plasma system:
where g is the local gravitational acceleration. Taking the scalar product of (2) with v, and combining with (1), yields
where the equation for mass conservation, V • (pv) = 0, has been used. * Present Address: Space Science Center and Physics Department, University of New Hampshire, Durham, New Hampshire 03824, USA. equation for the wave propagation and using that equation to determine the plasma energetics, they have instead inverted the procedure and begun with assumptions about the plasma energetics which are then used to determine the wave propagation. Specifically, they have assumed that the plasma flow is isothermal, i.e. p/p = constant, and in addition they have employed the Ansatz that the first three terms on the right-hand side of equation (3) (3), that e = -Vp.
This implies in turn that the waves are irreversibly damped, contrary to their statement '(There is) no mechanism for the dissipation of wave energy as heat'. Contrary to the interpretation offered by McWhirter & Kopp, ihm Ansatz requires wave dissipation. The consequences of non-zero dissipation can be determined from the thermal energy equation for the plasma where q is the heat conduction flux and the plasma is assumed to have three degrees of freedom. Inserting equation (4) into (5), and taking p/p = constant, yields Thus the Ansatz and isothermal assumption used by McWhirter & Kopp imply that heat conduction plays no role in the energy balance, in contrast to their statement '(the corona's) high thermal conductivity ensures that it is close to being isothermal'. In effect, McWhirter & Kopp have inadvertantly introduced just the right amount of wave dissipation to keep the corona isothermal without the benefit of heat conduction. This description is invalid on physical grounds, since there is no reason to neglect electron heat conduction in the corona, and since the physical damping of Alfvén waves is probably weak inside 10AE®.
Since McWhirter & Kopp have used the waves both to keep the corona isothermal and to drive the solar wind flow, it should be noted that they have overestimated, by a factor of about 3, the Alfvénic energy flux density required to drive the solar wind.
Finally, we note that McWhirter & Kopp used an expression of % which is valid only when v< F A if, where is the Alfvén speed. Since they confined their attention to regions where v < Vm, their use of the approximate expression for f w is probably without serious consequences for their model.
